Abstract. The bivalve molluscs represent an important matrix to be studied for several reasons. Their nutritional properties make them valuable to the consumers, so that their consumption and commercial value has risen worldwide. Simultaneously, their significant water-filtering capability and their persistence in the same place make them good bio-indicators of marine ecosystems. The presence of the heavy metal contaminants, as Cd, Pb and Hg, was investigated in bivalve molluscs such as mussels (Mytilus galloprovincialis), clams (Venus gallina) and oysters (Ostrea edulis). In the present study, a survey was carried out on 334 samples addressed to the Istituto Zooprofilattico Sperimentale -Puglia e Basilicata, Foggia 
Introduction
The bivalve molluscs are the second class of molluscs by number of species (about 30.000). This class includes mussels (Mytilus galloprovincialis), clams (Venus gallina), oysters (Ostrea edulis) and other edible species. Bivalve molluscs are very much appreciated by consumers for their nutritional properties, and their consumption has increased worldwide [J. Oliveira et al, 2011] . The average annual consumption of bivalve molluscs, in Italy, is 12% of the total annual consumption of fresh fish, and in the Apulia Region the consumption of mussels, clams and oysters was 21.691, 236, 956 (in tons) , respectively. For these reasons, these food products are involved in the main sanitary control plans of the Italian health system. The content of the main inorganic contaminants, as Cd, Pb and Hg has been regulated by European Union (EC Reg. 1881 /2006 .
Bivalve molluscs are suspension feeders, that selectively filter small particles, phytoplankton zooplankton and inorganic matter from the surrounding water (mussels filter about 36 l/die of water and oysters filter up to 350 l/die). This aspect, together with their persistence in the same place, makes them excellent bio-indicators of the pollution level of the marine ecosystem [R. Eister, 1981; P. S. Rainbow, 195] .
Materials and Methods
The bivalve molluscs samples were collected by official authorities along the coasts of Apulia Region between 2009-2011. The samples were analyzed in the laboratory of the Istituto Zooprofilattico Sperimentale -Puglia e Basilicata, Foggia (ITALY), to assess Cd, Pb and Hg content. 114 samples were analyzed in 2009 (82 mussels, 25 clams, 7 oysters), 129 samples in 2010 (76 mussels, 46 clams, 7 oysters) and finally 91 samples in 2011 (70 mussels, 16 clams, 5 oysters). The analyses were performed using standard methods (EN 13805:2002 The calibration was performed with aqueous working solutions. 1000 mg/l standard stock solutions of Cd, Pb and Hg were purchased from the ICP-International. Certified Reference Materials used as internal quality control were ERM-CE 278 mussel tissue supplied by IRMM and NIST 1566b oyster tissue supplied by NIST.
Results and Discussion
A summary of the results are shown in Table 1 . Although a widespread occurrence of heavy metals contamination was observed, the totality of the samples examined during the 3 years is within the limits stated in the EC Reg. 1881/2006 (1,0 mg/kg for Cd, 1.5 mg/kg for Pb and 0.50 mg/kg for Hg), underlining the fair degree of safety for the consumers health protection. However, on the basis of the described bio-indicator property, it is possible to derive some interesting conclusions about the contamination level in the Apulian coasts and its temporarily evolution.
The different bioaccumulation capability of the 3 species investigated can be observed, however not represented by the same number of samples analyzed. Despite the considerable physiological similarities, the 3 species of shellfish show a significantly different bioaccumulation degree, depending also of the type of contaminant. In particular, mussels and clams show a comparable level of Cd contamination in the considered 3 years. The mussels show a Pb content significantly higher than the clams, especially in the 2009 and 2011. Oysters show a certain variability of Pb content, but a significantly high Cd content (3-4 times higher than clams and mussels). In all the analyzed samples Hg concentration was found just around the quantification limit of analytical method (0.0063 mg/kg).
As concerning the temporal change of the contamination level, a slight decrease in the levels of Cd can be notice (from 0.157 mg/kg of mussels in 2009 to 0.120 and 0.135 mg/kg in 2010 and 2011); while, a general stability of Pb levels appears (with a slight increase, from 0.187 to 0,.206 mg/kg). Figure 1 shows Pb concentration versus Cd concentration in each sample (removing the outliers). It can be observed that the ratio Pb/Cd is 2/1.
Fig. 1. Correlation between Pb and Cd content
For the reasons explained before, the use of molluscs as bio-indicators for trace metal pollution has been largely applied and It is possible to find many work in literature on this practice [R. Eister, 1981 ; P. S. Rainbow, 195] . Conti and Cecchetti [Conti and Cecchetti, 2003] The results are presented in the Figure 3 and Figure  4 . In the 3 years, Cd content was constantly lower in zones n.4 and n.5 (about 0.100 mg/kg) compared with zones n.1, 2 and 3, characterized by variable average results, ranging from 0.128 to 0.200 mg/kg. Figure 4 shows the average concentrations of Pb, with a more homogeneous contamination trend among the 5 different areas, but, especially in the years 2010 and 2011, the most contaminated samples belong to the area n.5. Zones 2 and 3 are always the least contaminated of the Apulian coasts. Fig. 3 . Average content of Cd in mussels in 5 different Apulian areas Fig. 4 . Average content of Pb in mussels in 5 different Apulian areas
Conclusion
The levels of Cd and Pb contamination in the Apulian coasts do not arouse preoccupation concerning the health, because in the 3 years under review, only one sample showed a level of Cd close to the allowed limit (1.11 ± 0.21 mg/kg of wet weight). Then, the levels of Hg are negligible when compared with the allowed limit (0.50 mg/kg), probably because the bivalve molluscs occupy a very low position along the food chain, so they cannot bio-accumulate this contaminant.
Furthermore, a comparison with literature data shows a significant difference in the level of Cd: the Central Tyrrhenian Italian coasts and the North-Western Mediterranean ones show levels of Cd higher than the Apulian coasts. Pb contamination is very meaningful lower along the Apulian coast than the other 2 sites considered. The study we performed shows that the trend of metal bioaccumulation in bivalve molluscs was not clearly univocal: no one geographical zone showed an accumulation higher than of any other, at least for the metal considered.
The use of bio-indicators turned out to be very valuable for the study of a coastal area, because the 11006-p.3 E3S Web of Conferences necessary prerequisites for this purpose they have: they are easy to sample, are available all year round, and are present in every coastal areas of the Mediterranean Sea. Finally, this study wants to contribute to delineate the heavy metal background pollution level and to keep in control the temporal modification of this state.
